Treatment of living protoplasts from the Avenia coleoptile with enzymes and chemicals has provided new information about the external surface of the plasma membrane. Treatments with selected detergents and polyene antibiotics indicate that little sterol is present. The lysis of protoplasts in carboxymethyl-RNase which is enzymatically almost inactive provides strong evidence that the lysis previously observed in RNase is not an indication of RNA in the membrane. Divalent cations inhibit the RNase-induced lysis, indicating that such lysis involves the interaction of RNase with negatively charged sites on the plasma membrane surface. Tyrosinase treatment gives no lysis, showing that tyrosine does not play the role in these plasma membranes attributed to it in some animal cells. Peroxidase does not harm coleoptile protoplasts.
For physiological studies of the plasma membrane of plant cells, the cell wall is sometimes a major impediment. Work can be done more easily upon the plasma membrane in situ if the walls are first removed enzymatically, leaving plant protoplasts (4, 5, 26, 27) . During the treatment of fragile protoplasts with various chemicals and enzymes, the maintenance of spherical shape and of vigorous cyclosis becomes an easily observed bioassay for the lack of deleterious changes in the structure and function of the plasma membrane of living cells.
Information on the nature of the plasma membrane surface can assist in the interpretation of such varied experimental results as (a) the effects of RNase upon wall-membrane interactions (19) , (b) the location of the plasma membrane in cell homogenates (13, 30) , and (c) the fusion or lack of fusion of protoplasmic surfaces under different experimental conditions (23) .
The data on protoplast treatments that are included in this paper provide prima facie evidence for the nonexistence in the plant plasma membrane of several molecules-sterols, RNA, and critical tyrosine residues. In addition, the plasma membrane surface is shown to bear negative charges. These indirect data are important because it has so far not proven possible to isolate plant plasma membranes for direct analyses.
MATERIALS AND METHODS
Protoplasts of coleoptiles of Avena sativa, cv. Victory, were prepared and used as described previously (26) . In brief, diced, 5-mm subapical segments of 72-hr-old coleoptiles, from which I The National Science Foundation provided support through several fellowships and Grant GB 8006. the primary leaves had been removed, were placed for 1 to 1.5 hr in 0.50 M mannitol or 0.14 M KCl and 0.10 M CaCl2 (27) containing 3% of a partially purified polysaccharidase (predominantly cellulase) prepared from the fungus Myrothecium verrucaria. The enzyme was then washed out by two 15-fold dilutions with the osmoticum alone. Thirty to 300 protoplasts (10 ful) were transferred to depression slides with Lang-Levy micropipettes and counted by systematic scanning of the slides with a phase-contrast microscope. Next 10 ,AI of the treatment solution were distributed evenly over the slide. For all experiments reported here, the treatment time was 1 hr. The number of intact protoplasts then remaining on the slide was determined and divided by the initial number to give the "fraction surviving." Twenty-five representative protoplasts were inspected for the presence of cytoplasmic streaming, giving the value for "fraction streaming," a measure of the condition of the cytoplasm independent of the resistance of the plasma membrane to damage. Further information on the preparation and handling of protoplasts will be published elsewhere (Ruesink, in preparation).
The antibiotics nystatin and amphotericin B (Squibb, Paris) were dissolved in DMSO2 because of solubility problems (33 detergents, an effect attributed to the presence of sterols in the surface membrane (22) . On the other hand, protoplasts of bacteria, which completely lack sterols (2, 15, 18) , are more susceptible to attack by cationic detergents. The relative order of attack on coleoptile protoplasts closely resembles that for the sterol-less bacteria, which corroborates the antibiotic data on the lack of sterols in coleoptile plasma membranes. It should be noted that the concentrations of both types of detergents required to get lysis of the coleoptile protoplasts are considerably lower than for bacteria. The comparison is valid even with different treatment times since lysis curves are relatively flat from 30 to 60 min of treatment (11) and small differences in detergent concentrations lead to large differences in percentage of lysis (1 1, 26). Previous work (26) has indicated that RNase is the only enzyme lysing coleoptile protoplasts. This was considered to be at best only weak evidence for the presence of RNA in the plasma membrane, since protamine or cytochrome c, two other basic proteins, would also induce lysis. More critical evidence has now been obtained through a study of an enzymatically inactive derivative of RNase. It was shown by Crestfield et al. (7) that RNase that has been carboxymethylated at histidine-119 loses most of its enzymatic activity, although its structure remains otherwise unchanged. During the work with RNase-induced lysis, it was found that divalent cations strongly inhibit the lytic process. Table IV shows that both Ca!+ and Mg2`were effective, with a concentration greater than 0.001 M being needed to give relatively complete blocking. Results not presented showed that Mg'+ at this concentration did not affect the action of this RNase on yeast RNA. That it is not an osmotic concentration effect is shown by the result with added mannitol. The monovalent cation Na+ is much less effective than Cae+ or Mg+. These data and the strong lytic activity of the cationic detergent (Table I) Plant Physiol. Vol. 47, 1971 show that there exist upon the protoplast surface relatively strong negative charges that are critical to the maintenance of its integrity. When detergents or basic polypeptides are bound to these sites, they disrupt and destroy the functional integrity of the membranes. In several kinds of animal cells, polyphenol oxidase sensitivity has provided evidence for a role of tyrosyl residues in cell membrane permeability (6) . As part of the present work, coleoptile protoplasts were treated for 1 hr with concentrations of mushroom polyphenol oxidase ranging from 4 to 50 mg/ml. Protoplasts were stabilized in the ionic osmoticum with tris buffer at pH 7.5. At no concentration was there a significant decrease in the fraction surviving as compared to controls, indicating the absence of essential tyrosyl residues accessible to polyphenol oxidase treatment.
A recent paper (28) has suggested on the basis of indirect evidence that peroxidase is deleterious to protoplasts. Proto (8) . The protoplast membranes of yeast contain about 40% lipid, and 15% of the lipid is sterols (17) . Although as much as 29% of the lipid in ripe apple pulp is steroidal material (9) , most plant tissuLes contain less. Corn shoots were homogenized by high speed blending, fractionated by differential centrifugation, and found to contain the following amounts of sterol as percentaoes of total lipid: chloroplasts, 0.73%; nuclei, 1.04%; mitochondria, 2.6%; microsomes, 5.4% (13 Several intact plant tissues were shown (21) to react differently to filipin, another polyene antibiotic believed to be specific for sterol-containing membranes. Leakages of betacyanin from beet root discs and of 260 nm-absorbing material from potato tuber discs during filipin treatment suggests the presence of sterols in their membranes. Other tissues showed no response to filipin. Sterols seem to be absent from the plasma membranes of some, but not all plant tissues.
The work with RNase strengthens the tentative conclusions reached earlier (26) that response to RNase does not prove the presence of RNA in the plasma membrane. Although the present work gives absolutely no evidence for the presence of RNA in the membrane, it must be emphasized that there is also no specific evidence against its presence. The RNase and CMRNase apparently act by binding to the negative sites indicated by the divalent cation inhibition of lysis to be on the protoplast surface. The presence of these or other basic proteins is apparently sufficient to destabilize the membrane, causing lysis. The negatively charged sites are also involved in the greater lytic activity of cationic than anionic detergents.
Previous work (26) showed that RNase lysed 50% of the protoplasts in 1 hr at a concentration of 0.007 X l0' M, thus being considerably more active in this regard than the cationic detergent of Table II . The reason for the lower activity of normal RNase in lysing protoplasts here compared with the previous work is not apparent.
Wallach and Gordon (31) have shown that phosphatides will complex with various proteins beneath their isoelectric points and gave as examples protamines, cytochrome c, and RNase, all of which lyse protoplasts (26) . Phosphatides are the most likely source of the negative charges in the protoplast surface. Walls contain negative charges due to the carboxyl groups of pectins, and the ionic charges of wall and membrane would thus repulse rather than bind in the absence of any divalent cations. This is consistent with the observations of Cholodny and Sankewitsch (3) that plasmolysis of several tissues in sucrose is convex following monovalent cation treatment and concave following divalent cation treatment. The latter would result from a bridging of divalent cations that would bind the wall to the plasma membrane. Masuda (19) (24) and are usually most concentrated in the middle lamella. Since the cellulase enzyme preparation used to prepare protoplasts contains some polygalacturonase, it is highly unlikely that enough pectin would remain to provide sufficient negative charges to bind enough RNase to disrupt the membrane beneath them.
Thus the plasma membrane of protoplasts may be concluded to consist of the typical protein and lipid components, with bonds not susceptible to digestion by exogenous hydrolases, much in the same way that animal lysosomes and plant vacuoles packed with lytic enzymes (20) are resistant to attack. The ease with which the membrane can be stretched during cell enlargement, however, suggests that it may be sensitive to some special enzyme systems, and it is not impossible that these are located in the wall.
